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Introduction
The origin and cosmic evolution of the gas metallicity and stellar metallicity vs galaxy mass 
relations are a matter of hot debate. Usually, these relations are studied separately, and there is no 
comprehensive model that can explain both simultaneously. As the stellar metallicity carries 
information about the early epochs of chemical enrichment in galaxies, while gas metallicity
reflects more recent evolutionary processes, the simultaneous study of both will set the stringent 
constraints to galaxy formation and evolution across cosmic time. Here we show a unified model 
aiming at reproducing both relations simultaneously. As input data we use integrated spectra from 
SDSS, with carefully derived stellar and gas metallicities. 
Results
Only	two	scenarios	with	time-dependent	outflow	or	time-dependent	 IMF	slope	are	able	to	reproduce	
the	observed	gas	metallicity-mass	and	stellar	metallicity-mass	relations.	
Variable	outflow	scenario
Variable	IMF	scenario
Conclusions
•The stellar metallicity is much lower than the gas metallicity, especially in low mass, suggesting a 
dramatic cosmic metallicity evolution with extremely low metallicity at early times. 
•Only two scenarios can reproduce the observed gas and stellar metallicity simultaneously. One 
invokes a time-dependent metal outflow with high rates at early epochs. The other one must adopt a 
time-dependent IMF slope, in which a steep IMF slope in the lower-mass galaxies is needed at early 
times. 
•In these two scenarios, the gas and stellar metallicity-mass relations are respectively regulated by the 
mass-dependent galaxy properties (outflow rate or IMF slope) at early and late times. The mass-SFR 
(main-sequence) relation is also reproduced by a mass-dependent inflow time scale with longer time 
scale in less massive galaxies. 
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Results
A normal accreting box model with standard parameter settings (i.e. KS star-formation law, Kroupa
IMF, and no outflow) is too efficient in metal production. As a result, the predicted metallicities in 
gas and stars are higher than the observation. 
Similarly, in the variable IMF 
scenario, the stellar metallicity
a is more regulated by the IMF 
slope at early times while the 
gas metallicity is only 
regulated by the recent IMF 
slope.
In the variable outflow scenario, 
the stellar metallicity is mostly 
regulated by the early outflow 
rate while the gas metallicity is 
only regulated by the recent 
outflow rate. 
Star-forming galaxies usually have higher 
metallicities in the ISM compared to what is 
locked in stars. This difference is mass-
dependent with large difference in low mass 
galaxies. In other words, the stellar metallicity-
mass relation of star-forming galaxies is steeper 
than the gas metallicity-mass relation. 
Less massive galaxies tend to 
have stronger outflow rate on 
average at early times. 
Less massive galaxies tend 
to have steeper IMF slopes 
(bottom-heavy or top-light) 
at early times. 
Predicted evolution history of 
gas metallicity, stellar 
metallicity, stellar mass, SFR, 
inflow rate, and outflow 
fraction by the variable 
outflow model. 
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